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DUBLIN LOCAL SECTION.

NOTE ON A HUMMING TELEPHONE.

By F. GILL, Member.

(Paper read at Meeting of Section, Aprjl l8, 1901.)

My excuse, if one be needed, for bringing this matter before you
must be that our late revered Chairman, Professor FitzGerald, was
interested in the matter when it was brought under his notice, and
further that, sô  far as I have been able to ascertain, the behaviour
of the humming telephone, as I hope to show it, is new and has not
been published hitherto. This note is merely a record of a few
experiments carried out at odd times since the effect was first noticed
by me two years ago.

The ordinary humming telephone is, of course, well known, and was
first noticed by A. S. Hibbard, of the United States, in 1890.1 We have
Hall effect and Ferranti effect, why not Hibbard effect ?

In Hibbard's experiment a telephone is held against or near to the
diaphragm of the microphone, and a hum or whistle is set up and
continues.

A rough explanation of the experiment is that in the first place some
slight noise is taken up by the microphone, and the sound is, in the
usual way, given out by the telephone ; but, because the latter is near
the microphone, the sound waves set up by the telephone affect the
microphone, which in turn again acts upon the telephone, and thus the
reaction is maintained.

The connections in this case are those ordinarily used in telephony,
where the microphone is in scries with the battery and with the primary
of the induction coil; the telephone in series with the secondary of the
induction coil is short-circuited.

The feature which I believe to be new is that, if the wires leading
to the telephone be reversed while the instrument is humming the note
at once changes in a striking degree, and if the hum is stopped it will
recommence again, high or low, according to the side the reversing
switch is set. It is also to be noted that the high note starts more
easily and is altogether more vigorous than the low note. Of course,
reversing the current in the primary circuit also produces the same
change in pitch, and if the primary and secondary circuits be each
reversed simultaneously no change is observed.

Returning to the ordinary humming, the exact conditions which
determine the note given by the telephone appear to be most complex,
apparently every portion of the circuit and instruments has a share in

1 EledricaVWorld of New York, September 19, 1890.
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determining what the note shall be ; but the note can most easily be
varied in one of the following ways :—

By altering the conditions of the circuit by adding resistance,
capacity, or self-induction. Speaking generally, if a non-inductive
resistance be introduced into the secondary circuit the pitch of the note
goes up, and at the same time the sound becomes weaker by attenuation.
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In this experiment, if made with double-wound resistance coils, I think
there is a good deal of condenser effect across the winding of the coils.

Adding capacity across the telephone lowers the note. It is quite
easy to compare roughly different capacities in this manner; for
instance, in trying this, three condensers of "96, r i , and 1*3 micro-
farads respectively were at once picked out in their proper order, the
condenser with the lowest capacity giving the highest note. The

VOL. 31. 26



390 GILL : NOTE ON A HUMMING TELEPHONE [Dublin,

curve shown in Fig. i gives the result of adding capacity. The time of
the note observed is plotted with the period of the whole circuit neg-
lecting the primary circuit, and is also separately plotted with the
period of the telephone and condenser only. The curve is given as
a result obtained in a few trials. The figures are shown in the table :—

EFFECT OF CAPACITY ADDED ACROSS TELEPHONE.

Resistance whole circuit 14510
„ telephone 120a
I- whole circuit -i66
„ telephone -13

Capacity.

•2 mfd.
•23 ,
•29 ,
•37 ,
•56 ,

i-33 ,
2-41 ,

374 ,

Time of Note observed.

4-8 x 10-4

4'9
5-04
5'I5
5-68 ,

1 1 7
i6-r
16-2 ,

Time of Whole Cir-
cuit.

11-25 x I 0 ~ 4

12-08 ,

I3-55" ,
I5-3
I9-82
29*09 ,
39-27
49 "I

Time of Telephone and
Condenser.

10-07 x I 0 ~ 4

10-86 ,
12*21 ,
13-79
16-97 " ,
26-13 ,
37-41
43'9

Adding self-induction to the circuit lowers the pitch of the note.
Conversely, adding resistance in parallel (leakage) lowers the note,

and self-induction in leak or capacity in series raises the pitch.
The following is an interesting case. The secondary circuit is open

as in Fig. 2 (a), and is connected to a coil without iron and having two
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wires wound thereon side by side, each having about 1,400 turns. The
capacity between the two wires is -o6 mfd., and the self-induction of
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each coil is about "i. If the connections are made to the two wires
entering at, say, the left-hand end, the note is higher than if connected
to opposite ends as in (b); in one case the difference was from 2,280 to
2,120 vibrations per second. This is due to an alteration in the induc-
tion, which is less when the wires enter at the same end as in (a), than
when they enter at opposite ends as in (b), and consequently the note
given in (b) is lower.

The note may also be varied by altering the current in the micro-
phone. Increase of current causes the note to become very slightly
lower in pitch.

The strength of the field may be varied and alter the note. In this
experiment the arrangement is as in Fig. 3.

As usual the primary and secondary circuits are used, but a
condenser is in series with the telephone. Across the telephone
itself is a shunt circuit of a battery and a self-induction. This allows
the strength of the magnetic field of the telephone to be varied while in
use. The self-induction in the shunt circuit prevents too much of the
humming current being shunted out of the telephone. If the current
from the battery marked
A is applied so as to
strengthen the magnets
of the telephone, the note
goes up in pitch and be-
comes louder, while if
the current is sent in the
reverse direction, almost
at once the hum is
stopped. In the tele-
phone tried (an Ader),
the current, strengthen-
ing the field, was varied from 8 to 112 milliamperes and showed a rising
note ; when, however, 17 milliamperes were sent through the telephone
in the direction to weaken the magnets, the hum ceased. If a current
be used to strengthen the field the humming may generally be the more
readily set up.

Variation of the distance between the two diaphragms gives an
alteration in the note. On the high note side, increased distance gives
a higher pitch. On the low note side, as the distance between the two
diaphragms is increased the pitch rises .until a sudden change occurs
in the character of the note. If a tube be used to confine the air waves
the difference in the note at different distances is striking.

Pressure inwards on t̂he telephone diaphragm causes the pitch of the
note to rise.

The following are briefly mentioned as points which have been
observed. In some cases the hum will not commence until the current
in the microphone has fallen to a certain value. The current in the
microphone in a number of cases was about "18 amperes, being about
28 per cent, less when humming (low note) than when at rest ('25
ampere), and 40 per cent, less ("15 ampere) when giving the high note
with no external circuit.

FIG. 3.
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I am indebted to Mr. W. W. Cook for the following interesting
case. In a common battery circuit as shown, Fig. 4, and using a hand
microtelephone, it is possible to set up the hum, although in this case
the diaphragms are not opposite to each other, and are distant 8£

FIG. 4.

r\ r\

inches. The vibrations are undoubtedly conveyed through the handle.
He states he has easily heard this effect through 330 feet in the open
air, and I can easily believe it.

Mr. Duddell has been good enough at very short notice to put the
current in the telephone through one of his portable oscillographs, and
he gives the following approximate results—current root of mean
squares 15 milliamperes at the low frequency. I understand the
primary current was at 16 volts ; this of course was high, and probably
he used so high a pressure to enable him to get an easily observable
curve immediately; the shape of the curve was as in Fig. 5; and on

reversing the telephone connections the
frequency about doubled.

The pitch of the note appears to be
determined by the length of the column of
air between the two diaphragms, and the
conditions of the circuit. As the periodic
time of the circuit is increased the time of

the note rises. To some extent the pitch is governed by the rate of the
diaphragms, but I do not think this is so important a factor as the
others. The main factors appear to be the angle of lag, and the length
of the column of air between the diaphragms. Although the vibration
is a forced one, it would almost seem that its rate is largely dependent
on the free period of the circuit.

With regard to the alteration in the note when the telephone con-
nections are reversed, Mr. Tatlow has suggested that this may be due
to the fact that according to the direction of the current in the tele-
phone its diaphragm will be moved in the same direction as, or in an
opposing direction to, the diaphragm of the transmitter, and that while
the former would tend to prolong the movement and so produce a lower

FIG. 5.
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pitch, the latter would tend to force the rate. Although this seems
probable, yet I have been unable to satisfy myself as to exactly what
happens. It would appear also necessary to take into account that
when the telephone diaphragm moves away from the magnet during
increase in current, the self-induction of the telephone circuit is falling,
due to the movement of the diaphragm, and there exists what may be
compared to a negative resistance.

The humming telephone seems to be very similar to the humming

Microphone
diaphragm.

TeLephone
diaphragm
$ Current.

'J2O per second,
<. .ir Lag 56° 30'.

——
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TeLephone reversed.

i,635 per second,

a.ir Lag 37°.

FIG. 6.

arc so ably dealt with by Mr. Duddell and shown at this meeting
by Dr. Trouton, and its study by those who are provided with the
necessary means of investigation would repay the labour.

With diffidence I venture to give what appears to happen :—
When the microphone diaphragm moves inwards, the current in-

creases, but owing to lag the increase in current does not coincide with
the movement of the diaphragm. The telephone diaphragm apparently
more or less accurately follows the current and sends out its air waves ;
these waves, however, take an appreciable time to reach the micro.
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phone, and there is consequently an air lag as well as an electrical lag.
So far as I can at present see the high note is given when the
diaphragm of the telephone moves (at the appropriate lag) in the same
direction as that of the microphone,—thus microphone ( ( telephone,
—and the low note is given when the motion of the diaphragms is ( ).
The diagram (Fig. 6) is an attempt to illustrate this. The figures taken
are N=2,i2o periods per second. L=' i66, R=i45. The curves are
drawn with a phase difference of 86° and, with a distance of i inch
between the diaphragms the air lag is 560 30'. The diagonal lines
show the air lag. The figures with the telephone reversed are, N=i,635
L=*i.66, R=i45, phase difference =84°, air lag =37°.

It would be desirable if one of the Masters would tell us what really
is the maximum frequency which should be allowed for in telephone
work. Dr. PupinJ says 750 periods per second is the highest that need be
considered. Max Wien3 states that the most characteristic notes of
the voice lie between 500 and 3,000 per second, and Dr. Perry 3 ".as an
exercise" takes 1,000 as the figure; one does not associate with Dr.
Perry the taking of a figure, even "as an exercise," unless he has
sufficient ground for so doing.

Besides those mentioned above, I would specially wish to tender*
my thanks to Dr. Trouton, Mr. Sinclair, Mr. C. J. Phillips, and Mr.
France. I also desire to thank Mr. J. M. Shackleton for the very great
assistance he has given.

APPENDIX.

The following measurements may be of interest:—

/'Number of turns 1,120
I Resistance ... 145W

Adi, Telephone ... f t ^ ' 0 " ..." ".-"I!: -134
I Diameter of diaphragm ... 2-12 inches. «
vThickness do. tinned 8 mils.

/ Resistance at rest io«
T\ t .».• v. Do. high note, with cir-
Deckert Microphone c u i t o f i n

g
d u c t i o n ' c o i l a n d

( Ader telephone 23-5«
(Both of these figures taken from ampere-meter readings.)

/'Primary Turns... ... ... 380
I Primary Resistance 105W

T , ,. ~ ., J Secondary do. ... ... 25^
Induction Coil ... j Secondary self-induction at 22

milliamperes -032
^Secondary Turns 1,300

1 Transactions of the American Institute of Electrical Engineers, 1900, vol.
xvii., p. 255.

8 Ann. der Physik, No. 3, 1901.
3 Phil, Mag., August, 1893, p. 224.
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High note

Low note
High note side but with 24 .

microfarads across tele-
phone giving low note ...

High note
Low note
High note side but with 2-4

microfarads across tele-
phone giving low note

Do. Another trial...

2,120 vibrations per
second, judged by
the ear only.

1,635 d0-

620 do.

1 x 10-3 mm.
6-8 „ „

126 ., „

Frequency of-note in
three observations.-
Primary volts 4.

Amplitude of Vibra-
tion of diaphragm
of Bell telephone.^
Primary volts 4.

FrolichT gives the amplitude for a Siemens loud-speaking telephone
as 35 X io"3 mm. and V. Wietlisbach3 gives the amplitude of a
Siemens telephone (apparently not loud-speaking) for "a loud tone"
as 52 x io-6 mm. with a current of 12 X io-4 amperes.

Mr. A. E. PORTE said that if Mr. Gill gave some information regarding Mr- Porte-
the,types of instruments he had been using, the members might be
better able to experiment themselves. He had given an explanation
regarding the difference in note ; possibly the difference in tone might
be due, to a great extent, to different tones in the diaphragm of the
receiver, the fundamental octave, and so on.

Dr. F. T. TROUTON said he would like to ask if the saturation of the Dr- Trouton.
iron had anything to do with the pitch of the note in the experiment
shown in Fig. 4, when the field was varied. If the iron is very highly
magnetised it is incapable of taking up more energy, in fact it becomes
almost a non-magnetic substance in that respect, and the self-induction
of the circuit diminishes so that the period would go up.

Mr. M. RUDDLE considered that the tension of the diaphragm was an Mr. Ruddle,
important factor. In Fig. 4 of Mr. Gill's paper he thought the note
varied simply with the strength of the field ; this strengthening, of
course, increased the initial tension on the diaphragm, and in the same
manner when the field was weakened, a lower note was obtained.
Some years ago he carried out some experiments and found that great
differences resulted from varying the tension on the receiver diaphragm.

Mr. J. E. TAYLOR (communicated): The reactive effects occurring Mr. Taylor,
between microphones and telephone receivers of various kinds form a
most interesting subject for investigation ; nor is it merely from the
purely physical point of view that such investigation will repay one.
There are, it would seem, sundry possibilities of practical application
inherent in the phenomenon. The subject seems almost an old one;
it haying presented itself so frequently in laboratory and other work
involving the use of telephones (very often in an awkward or
intrusive way); so much so, that one feels surprised that the discovery
of the effect is dated by Mr. Gill as being so recent as 1891.

That the conditions of adjustment of capacity and self-induction of
the circuits concerned, as well as any natural rate of vibration which

1 Electrical Engineering (Chicago), January, 1897, p. 26.
* Ibid., p. 30,


